Coke from Illinois coals, an experimental slot-type oven by Reed, Frank Hynes et al.
ItUNOIS GEOLOGICAL
SURVEY LIBRARY
STATE OF ILLINOIS
DWIGHT H. GREEN, Governor
DEPARTMENT OF REGISTRATION AND EDUCATION
FRANK G. THOMPSON, Director
DIVISION OF THE
STATE GEOLOGICAL SURVEY
M. M. LEIGHTON, Ch\e\
URBANA
REPORT OF INVESTIGATIONS—NO. 107
COKE FROM ILLINOIS COALS
AN Experimental Slot-Type Oven
BY
Frank H. Reed, Harold W. Jackman, and P. W. Henline
Reprinted from Industrial and Engineering Chemistry,
Vol. 37, No. 6, June 1945
PRINTED BY AUTHORITY OF THE STATE Of ILLINOIS
URBANA, ILLINOIS
1945
ORGANIZATION
STATE OF ILLINOIS
HON. DWIGHT H. GREEN, Govnnor
DEPARTMENT OF REGISTRATION AND EDUCATION
HON. FRANK G. THOMPSON, Director
BOARD OF NATURAL RESOURCES AND CONSERVATION
HON. FRANK G. THOMPSON. Chairman
NORMAN L. BOWEN, D.Sc, LL.D., Gfology
ROGER ADAMS, Ph.D., D.Sc, Chemistry
LOUIS R. HOWSON, C.E., Engineering
*W1LLIAM TRELEASE, D.Sc, LL.D., Biology
EZRA JACOB KRAUS, Ph.D., D.Sc, Forestry
ARTHUR CUTTS WILLARD, D.Engr., L.L.D.
President of the University oj Illinois
GEOLOGICAL SURVEY DIVISION
M. M. LEIGHTON. Chiej
^Deceased.
'LUffOIS STATE GEOLOGICAL SURVEY
3 3051 00005 7426
o^ /^y
.7j
SCIENTIFIC AND TECHNICAL STAFF OF THE
STATE GEOLOGICAL SURVEY DIVISION
100 Natural Resources Building, Urbana
M. M. LEIGHTON, Ph.D., Chief
Enid Townley, M.S., Assistant to the Chief
Velda a. Millard, Junior Asst. to the Chief
Helen E. McMorris, Secretary to the Chief
Effie Hetishee, B.S., Geological Assistant
GEOLOGICAL RESOURCES
Coal
G. II. Cady, Ph.D., Senior Geologist and Head
L. C. McCabe, Ph.D., Geologist (on leave)
R. J. Helfinstine, M.S., Mech. Engineer
Charles C. Boley, M.S., Assoc. Mining Eng.
Heinz A. Lovvenstam, Ph.D., Assoc. Geologist
Bryan Parks, M.S., Asst. Geologist
Earle F. Taylor, M.S., Asst. Geologist
(on leave)
Ralph F. Strete, A.M., Asst. Geologist
M. W. PuLLEN, Jr., M.S., Asst. Geologist
Robert M. Kosanke, M.A., Asst. Geologist
Robert W. Ellingwood, B.S., Asst. Geologist
George M. Wilson, M.S., Asst. Geologist
Arnold Eddings, B.A., Research Assistant
(on leave)
Raymond Siever, B.S., Research Assistant
(on leave)
John A. Harrison, B.S., Research Assistant
(on leave)
Mary E. Barnes, B.S., Research Assistant
Margaret Parker, B.S., Research Assistant
Elizabeth Lohmann, B.F.A., Technical Assistant
Industrial Minerals
J. E. Lamar, B.S., Geologist and Head
H. B. WiLLMAN, Ph.D., Geologist
Robert M. Grogan, Ph.D., Assoc. Geologist
Robert T. Anderson, M.A., Asst. Physicist
Robert R. Reynolds, M.S., Asst. Geologist
Margaret C. Godwin, A.B., Asst. Geologist
Oil and Gas
A. H. Bell, Ph.D., Geologist and Head
Carl A. Bays, Ph.D., Geologist and Engineer
Frederick Squires, B.S., Petroleum Engineer
Stewart Folk, M.S., Assoc. Geologist (on leave)
Ernest P. DuBois, Ph.D., Assoc. Geologist
David H. Swann, Ph.D., Assoc. Geologist
Virginia Kline, Ph.D., Assoc. Geologist
Paul G. Luckhardt, M.S., Asst. Geologist
(on leave)
Wayne F. Meents, Asst. Geologist
James S. Yolton, M.S., Asst. Geologist
Robert N. M. Urash, B.S., Research Assistant
Margaret Sands, B.S., Research Assistant
Areal and Engineering Geology
George E. Ekblaw, Ph.D., Geologist and Head
Richard F. Fisher, M.S., Asst. Geologist
Subsurface Geology
L. E. Workman, M.S., Geologist and Head
Carl A. Bays, Ph.D., Geologist and Engineer
Robert R. Storm, A.B., Assoc. Geologist
Arnold C. Mason, B.S., Assoc. Geologist
(on leave)
C. Leland Horberg, Ph.D., Assoc. Geologist
Frank E. Tippie, B.S., Asst. Geologist
Merlyn B. Buhle, M.S., Asst. Geologist
Paul Herbert, Jr., B.S., Asst. Geologist
Charles G. Johnson, A.B., Asst. Geologist
(on leave)
Margaret Castle, Asst. Geologic Draftsman
Marvin P. Meyer, B.S., Asst. Geologist
Robert N. M. Urash, B.S., Research Assistant
Elizabeth Pretzer, A.B., Research Assistant
Ruth E. Roth, B.S., Research Assistant
Stratigraphy and Paleonotlogy
J. Marvin Weller, Ph.D., Geologist and Head
Chalmer L. Cooper, M.S., Assoc. Geologist
Petrography
Ralph E. Grim, Ph.D., Petrographer
Richards A. Rowland, Ph.D., Asst. Petrographer
(on leave)
William A. White, B.S., Research Assistant
Physics
R. J. Piersol, Ph.D., Physicist
B. J. Greenwood, B.S., Mech. Engineer
GEOCHEMISTRY
Frank H. Reed, Ph.D., Chief Chemist
Elizabeth Ross Mills, M.S., Research Assistant
Coal
G. R. YoHE, Ph.D., Chemist
Herman S. Levine, B.S., Research Assistant
Industrial Minerals
J. S. Machin, Ph.D., Chemist and Head
Delbert L. Hanna, A.m., Asst. Chemist
Fluorspar
G. C. Finger, Ph.D., Chemist
Oren F. Williams, B. Engr., Research Assistant
X-ray and Spectrography
W. F. Bradley, Ph.D., Chemist
Chemical Engineering
H. W. Jackman, M.S.E., Chemical Engineer
P. W. Henline, M.S., Assoc. Chemical Engineer
James C- McCullough, Research Associate
James H. Hanes, B.S., Research Assistant
(on leave)
Leroy S. Miller, B.S., Research Assistant
(on leave)
Analytical
O. W. Rees, Ph.D., Chemist and Head
L. D. McVicKER, B.S., Chemist
Howard S. Clark, A.B., Assoc. Chemist
William F. Wagner, M.S., Asst. Chemist
Cameron D. Lewis, B.A., Asst. Chemist
Herbert N. Hazelkorn, B.S., Research Assistant
William T. Abel, B.A., Research Assistant
Melvin a. Rebenstorf, B.S., Research Assistant
Marian C. Stoffel, B.S., Research Assistant
Jean Lois Rosselot, A.B., Research Assistant
MINERAL ECONOMICS
W. H. Voskuil, Ph.D., Mineral Economist
Douglas F. Stevens, M.E., Research Associate
Nina Hamrick, A.B., Research Assistant
Ethel M. King, Research Assistant
PUBLICATIONS AND RECORDS
George E. Ekblaw, Ph.D., Geologic Editor
Chalmer L. Cooper, M.S., Geologic Editor
Dorothy E. Rose, B.S., Technical Editor
Meredith M. Calkins, Geologic Draftsman
Beulah Featherstone, B.F.A., Asst. Geologic
Draftsman
Willis L. Busch, Principal Technical Assistant
Portia Allyn Smith, Technical Files Clerk
Leslie D. Vaughan, Asst. Photographer
Consultants: Ceramics, Cullen W. Parmalee, M.S., D.Sc, and Ralph K. Hursh, B.S., University of Illinois
Mechanical Engineering, Seichi Konzo, M.S., University of Ulinois
Topographic Mapping in Cooperation with the United States Geological Survey.
This report is a Contribution of the Geochemistry Section.
May IS, 1945.
Digitized by tine Internet Arciiive
in 2012 witii funding from
University of Illinois Urbana-Champaign
http://archive.org/details/cokefromillinois107reed
COKE FROM ILLINOIS COALS
AN Experimental Slot-Type Oven
BY
Frank H. Reed, Harold W. Jackman, and P. W. Henline
ABSTRACT
Midwestern by-product coke ovens require annually millions of tons of high-
volatile bituminous coals which are shipped from the Appalachian coal fields in
West Virginia, Pennsylvania, and eastern Kentucky. Illinois has larger reserves
of high-volatile bituminous coals than any other state east of the Rockies. Though
the Appalachian coals are principally of higher rank than the midwestern, the
reserves of these high-rank coals are being depleted rapidly. Because of this and
the present critical transportation problem, the Illinois State Geological Survey,
aided by the Office of Production Research and Development, War Production
Board, initiated a research program to study the problem of substituting mid-
western coals for a portion of the eastern high-volatile coals now being carbonized
in midwestern coke ovens. Previous commercial and semicommercial experience
has shown that metallurgical coke can be made from certain Illinois coals. The
research program includes the design, construction, and operation of a pilot-size
coke oven to duplicate carbonizing conditions in commercial slot-type ovens. A
slot-type pilot-size coke oven of 500-pound coal capacity, electrically heated to
ensure accurate temperature control, is described. The yields and properties of the
coke and by-products recovered from this small experimental oven correlate closely
with those obtained by carbonizing the same coals in commercial ovens. Thus, this
oven is a reliable guide for commercial operations.
MIDWESTERN by-product coke ovens
use annually millions of tons of high-
volatile bituminous coals which are shipped
from the Appalachian coal fields in West
Virginia, Pennsylvania, and eastern Ken-
tucky. Illinois has larger reserves of high-
volatile bituminous coal than any state east
of the Rocky Mountains; only Colorado
exceeds Illinois in reserves. Although the
Appalachian coals are principally of higher
rank than the midwestern coals, the reserves
of these high-rank Appalachian coals are
being depleted rapidly.
This growing scarcity of the best Appa-
lachian coals and the critical transporta-
tion problem now confronting the nation,
prompted the Illinois State Geological Sur-
vey, aided by the Office of Production
Research and Development of WPB, to
begin a research program to study the
possibilities of substituting midwestern
coals for a portion of the eastern high-
volatile coals now being carbonized in the
Chicago and St. Louis districts. Freight
rates to the Gary—East Chicago—Chicago
district by rail favor the southern Illinois
coals over the Appalachian coals by more
than one dollar per ton. When a com-
bination of rail haul from the Appalachian
fields to a Lake Erie port and then lake
barge to the Chicago district is used, the
southern Illinois coal can still be delivered
with a saving in freight of 50 cents per ton.
It costs over 2 dollars per ton more to
deliver Appalachian coals by rail to the St.
Louis district than to deliver southern
Illinois coals to the same point.
Illinois coals contain more moisture than
do the Appalachian coals, however, and a
correspondingly lower amount of fixed car-
bon on the as-received basis. Thus a lower
yield of coke per ton of coal is obtained
from the Illinois coals. Previous commer-
cial and semicommercial experience has
shown that "a fairly satisfactory grade of
metallurgical coke" (4) can be made from
coal of certain southern Illinois mines. Un-
doubtedly the methods of coal preparation
and the resulting quality of coal shipped
from these mines are better today than they
were during the last war, or during the
period from 1921 to 1934 when Franklin
[5]
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Fig. Discharging and Quenching Coke from Slot-Type Experimental Oven
County, 111., coal was used in the Roberts
ovens at Granite City, 111.
The comparison of costs to be obtained
by coking the Appalachian coals alone or in
combination with Illinois coals in any given
plant can be determined only by commercial
operation over an extended period of time.
The suitability of the coke for blast furnace
operation, the yield of coke from the coal,
and the amount and evaluation of the by-
products are among the principal items
which must be considered, along with freight
rates, cost, and uniformity of coal supply, to
determine the over-all economic picture.
However, the cost of experimentation with
various blends of coal in commercial coke
ovens is not only exceedingly high, but it
also interferes with regular production.
Consequently, only a minimum of such
experimentation is carried out.
The first objective of the present research
program was, therefore, the design and
construction of a small-scale slot-type coke
oven in which blends of coals could be car-
bonized under conditions approximating
those obtained in commercial ovens closely
enough to produce cokes with physical and
chemical properties directly comparable to
those of cokes produced from the same
blends in commercial ovens. Representative
SLOT-TYPE OVEN
data selected from the first fifty runs are
shown in Table I to indicate that this ob-
jective has been attained.
This paper gives briefly the construction
and operation of the experimental slot-type
oven, shows the duplicability of operating
results, and compares results obtained with
this experimental oven and with commercial
slot-type ovens.
DESIGN OF OVEN
The primary objective in design of the
experimental slot-type oven was to construct
a unit which would duplicate essentially a
small section of a commercial oven, and in
which the process of coking coal would be
controlled rigidly. This was based on the
assumption that the coking process is a
complex chemical reaction. Thus, dupli-
cation of operating conditions from one run
to another with identical blends of coal
should produce batches of coke with identi-
cal physical and chemical properties. In
practice "identical blends" are not obtain-
able, but blends with similar average phys-
ical and chemical properties can be ob-
tained ; therefore the cokes produced from
such blends should have similar physical
and chemical properties.
Only in the width of the oven was an
attempt made to duplicate any size dimen-
sion of a commercial oven. The average
width of most commercial slot-type ovens
ranges from 13 to 21 inches. The average
width of the experimental oven is slightly
above the lower limit of this range. Thus,
the oven was designed so that it could be
operated to give the same heat penetration
(average width of oven in inches divided
by coking time in hours) and final tempera-
ture as obtained in commercial practice.
Figure 1 shows the slot-type experimental
oven being discharged and the coke being
quenched. The uniform oven wall tempera-
ture up to the top of the charge and the
slightly cooler space above for gas collection
are apparent. Also visible are the coal-
charging hole, the door with opening for
leveling bar, and other details of oven con-
struction, including buckstays and angle-
iron supports in the side walls.
Figure 2 is a diagram showing cross-
sectional views from the front and side of
the oven. As in all slot-type coke ovens,
heat is applied from flues placed on both
sides of the oven chamber, 1. The inside of
the oven chamber was designed to taper in
width from 13.25 inches at the back to
13.75 inches at the front. On account of
irregularities in the shapes received, the
oven as constructed averages 14 inches in
width instead of 13.5 inches as planned.
The charging space in the oven chamber is
36 inches in length and 35 inches in depth,
and holds approximately 10 cubic feet of
coal per charge.
The side walls, 4, and floor, 5, of the oven
are made of silicon carbide tile, 2 inches
thick. Each side wall consists of a single
tile, and the floor is formed from two tiles
laid end to end with overlapping joint. The
walls are anchored at the back of the oven
and left free to expand vertically and hori-
zontally. They are held in place at the top
and bottom by the surrounding brickwork
and are further supported on each side by
two rows of long firebrick, 6, which touch
the oven walls and are, in turn, strength-
ened by steel angles, 7, running the full
length of the outside walls of the oven.
These supporting firebrick are spaced from
front to back of the flues, leaving 4.5 inches
between bricks, so that approximately 50%
of the flue space is left open (Figure 3,
section C-C) . These flue openings are
staggered in the two rows of supporting
brick in each flue. This leaves the three
sections of each flue closely interconnected
and allows the heat to equalize from top
to bottom of each oven wall. The oven
chamber is surrounded on the sides and top
by vermiculite insulation, 8. This insulation
acts not only as a heat baffle but, being soft,
as a cushion against thermal expansion or
swelling pressures which otherwise might
crack the silicon carbide walls.
The top of the oven chamber, 9, is cast
of refractory concrete. Coal is charged
through a 6-inch pipe, 10, extending
through the casting, and a 6-inch blank
flange, 11, serves as a charge hole cover.
Gas escapes from the oven through a 3-inch
pipe, 12, extending through the top and
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connected to the by-product recovery equip-
ment. The back of the oven chamber con-
sists of permanent brickwork, whereas the
front is covered by a refractory concrete
door, 13, which is raised or lowered by a
chain hoist and is mudded into place before
the oven is charged. After charging, the
coal is leveled through a rectangular open-
ing, 14, in the door located 35 inches above
the chamber floor. This level bar opening
is then bricked and mudded. Between the
door and the coal charge a temporary brick
wall, 15, (9 inches in depth), extends from
the floor to the coal level. This wall, which
consists of one layer of firebrick next to
the charge and one layer of insulating brick
next to the door, is removed before a coke
charge is pulled, and is replaced immediately
after the oven is discharged. The oven
structure is held together by tie rods, 16,
extending through the top brickwork and
foundation. These rods are anchored to
heavy buckstays, 17, at each corner of the
oven.
Figure 3 gives more details of the oven
brickwork construction. Horizontal sections
A-A, B-B, and C-C, which all refer to
Figure 2, show the brick arrangement just
below floor level, at the oven floor, and
at a plane between the lower and middle
flue sections. The back view shows the
arrangement of the openings for heating
units and thermocouples into the heating
flues and the oven chamber. Thermocouples
are never placed in all of the holes shown
during any one run, but the holes are built
into the oven to be available when and if
desired.
TEMPERATURE CONTROL
Accurate control of the temperature and
heating rate of the coal in the oven is main-
tained by the use of Globar heating units
powered from a three-phase 230-volt 60-
cycle source through a 50 kv.-amp. tap
transformer as shown in the wiring diagram
of Figure 4. Six AT type Globar brand
nonmetallic heating elements (2, Figure 2),
67 inches long and having a middle heating
section 36 inches in length and 1.25 inches
in diameter, designed to carry a capacity
load of 100 amperes at 136 volts, are
placed horizontally in each flue and spaced
as show^n so that heat may be applied uni-
formly from top to bottom of the oven
walls. In each of the top flue sections the
two Globar elements are connected in
series, and the two units thus formed are
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connected in parallel across one secondary
of the three-phase tap transformer. In the
center and bottom flue sections the Globars
are connected in the same manner across
the other two secondaries. With this hookup
are formed essentially, three independently
controlled single-phase circuits of approxi-
mately 16.7 kv.-amp. each, which have
proved adequate to provide uniform
temperature in the oven chamber. Each
Globar element is supported at the front
and rear of the oven in special insulating
shapes (3, Figure 2) as provided by the
vendor of the Globar heating elements.
Flue temperatures are controlled by a
Wheelco Capacitrol which is actuated by a
No. 8 gage, chromel-alumel thermocouple
placed in the center flue section on one side,
and adjacent to but not touching the oven
wall. This thermocouple activates the three-
phase primary circuit. No appreciable
temperature difference has been found to
exist between the two flues, and thus it was
not necessary to provide a means of con-
trolling each of the flues independently.
Temperatures inside the oven are recorded
by a four-point Brown recording pyrometer
attached to No. 14 gage chromel-alumel
thermocouples inserted through the back of
the oven chamber (18, Figure 2). Three
thermocouples are located just inside the
silicon carbide side wall near the top, cen-
ter, and bottom of the coal charge, and ex-
tend lengthwise approximately to the cen-
ter of the oven. Another is placed in the
exact center of the coal charge, and a fifth
is located in the free gas space above the
coal. Temperatures recorded at these points
show the progress of temperature change
throughout the carbonizing period.
Figure 5 is a photograph of a typical
time-temperature chart. This chart records
a run in degrees centigrade, and the
temperatures should not be confused with
those on the Fahrenheit scale used other-
wise throughout this paper. Total elapsed
time for the carbonization period is 13 hours
and 10 minutes. Curve (1) indicates the
temperature of the gas in the free space
above the coal charge. The thermocouple
in use at the beginning of the operation was
evidently defective and was reading too
low. It was replaced after 1.75 hours by a
new thermocouple. Curves (2), (3), and
(4) represent, respectively, the tempera-
tures of thermocouples placed at the top,
middle, and bottom of the charge next to
the side wall. These curves are representa-
tive of normal charts. At the early part of
the run the highest temperature along the
oven wall is recorded at the top of the
charge and the lowest temperature at the
bottom. All temperatures rise in practically
parallel straight lines for about 11 hours,
after which the temperature at the center
crosses over and becomes the highest. Curve
(5) indicates the temperature at the ap-
proximate geometric center of the charge.
Here the temperature remains constant at
about 125° C. (257° F.) for the first 5
hours, rises 100° C. (180° F.) in the next
2 hours, then 700° C. (1260° F.) in the
next 5 hours and finally reaches the
temperature of the charge at the side wall.
Curves (4) and (5) are recorded by the
No. 4 position on the temperature recorder
by connecting it alternately w^ith thermo-
couples 4 and 5. The circled points on the
chart indicate the continuation of the curve
for thermocouple 4, as shown by occasional
recordings, while thermocouple 5 is being
recorded continuously.
OPERATION OF OVEN
In operating the small scale slot-type
oven, various charging temperatures and
final flue temperatures have been tried. In
all comparative tests an attempt is made to
duplicate the average heat penetration
through the charge and the average final
coke temperature as attained by commercial
batteries. As the silicon carbide walls of
the experimental oven have a higher thermal
conductivity than the silica brick walls of
large scale ovens, it is possible to obtain
approximately the same average penetration
rate at a much lower flue temperature in
the experimental oven than is required in
commercial ovens. Results that duplicate
closely those of commercial practice have
been obtained by charging the oven at an
initial flue temperature of 1600° F. and
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Fig. 5.—Time-Tempeiatuie Recording Chart
raising this temperature 30° F. per hour
to a maximum of 1850°. The coking time
under these conditions is found to be 12.75
to 13.5 hours, or the average penetration
is 1.04 to 1.10 inches per hour, depending
upon such factors as bulk density, moisture
content, and plastic characteristics of the
coal. The final average coke temperature
is 1770-1800°F.
The same by-product recovery equipment
is used on the slot oven that was employed
with the experimental sole-flue oven {3).
When a test run is started, the tap trans-
former is set at approximately 70% of rated
capacity on all heating sections, and the gas
exhauster is started with the by-pass open.
A charge of 10.1 cubic feet (approximately
500 pounds) of coal is dumped from an
overhead hopper through the charge hole
and leveled in the oven. Gases are vented to
the outside until the level and charge holes
are sealed. The gas is then pumped through
the purifying equipment by the exhauster.
The initial quenching effect of the coal on
the flue temperature is insignificant, and it
is believed that the unit has suflfiicient capac-
ity to maintain a much higher initial
charging temperature, although no initial
temperature above 1700° F. has been tried.
As in operating the sole-flue oven (i), a
constant pressure of 0.02 inch of water is
maintained in the oven chamber and ap-
proximately 0.5 inch of water at the meter
outlet.
The setting of the tap transformer for
each of the three heating sections is changed
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Fig. 6.—Gas Evolution and B.t.u. Value
from time to time as required to maintain
a uniform wall temperature from the
bottom to the top of the oven charge.
Rate of gas evolution is essentially con-
stant until the plastic zone reaches the
center of the charge. This rate increases
gradually while the center is heating, then
gradually decreases. The B.t.u. value of
the gas decreases slowly from approximately
850 until the plastic zones meet, increases
slightly over a short period, then drops
sharply to about 300.
In all tests coking is continued until gas
evolution has dropped to the rate of 50
cubic feet per hour. The oven is then opened,
the brick retaining wall is removed, and
the coke is pulled and quenched. The pyrom-
eter temperature controller is set back to
1600° F., where it is maintained during all
idle periods, the power is cut to 25% of
rated capacity, and the firebrick retaining
wall is replaced inside the oven door. Tar
yield, gas make, and coke yield are computed
as in the sole-flue oven tests (i).
Shatter and tumbler tests of the coke
produced are made in accordance with
standard methods adopted by the American
Society for Testing Materials {1, 2).
COKING RESULTS OX
DUPLICATE SAMPLES
The ability of the experimental oven
to reproduce coking results under closely
controlled operating conditions is shown in
Table II; results are given of duplicate
runs on each of two coal blends. Blend A
is a mixture of Illinois and eastern coals,
and blend B is all eastern coal. Operating
conditions, such as coking time, rate of heat
penetration, and final coke temperatures,
were kept constant throughout these four
runs. The degree of pulverization and the
bulk density of the coal were as uniform as
could be maintained experimentally.
Table II shows that coke yields checked
within 0.57c. Of the physical tests, the
closest checks were obtained on tumbler
"stability", which is widely used in the
metallurgical coke industry as an index
of coke quality. Other physical properties
such as apparent gravity, shatter test, and
coke sizing also checked closely.
The yields and quality of the gas evolved
during the coking period are shown. In
Figure 6 the cubic feet of gas evolved
during each hour of the coking period and
the B.t.u. value of the gas are plotted from
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experimental data taken during both sets
of duplicate runs. B.t.u. values are not
shown for the gas beyond the tenth hour.
Gas evolved during the balance of the
coking period is very high in hydrogen, and
the calorimeter is not adjusted to read accu-
rately in this low range. These curves are
typical of the results obtained under normal
operating conditions.
Because of the close control of operation
possible with the experimental oven, which
cannot be realized in a gas-heated commer-
cial size oven, the results on the experimen-
tal oven have been shown to be more de-
pendable and more easily duplicated than
those obtained from individual ovens of a
commercial battery.
EXPERIMENTAL AND
COMMERCIAL RESULTS
The extent to which the design of the
oven is successful in permitting the duplica-
tion of commercial results is shown in Table
I, which gives the results of four represen-
tative series of tests comparing experimental
and commercial operations.
In evaluating coke quality the producers
consider the shatter and tumbler tests to
be most important. Special emphasis is given
to the tumbler "stability" or the percentage
of coke remaining over one inch in size in
the tumbler test. Shatter tests are sometimes
misleading, as in the case where larger pieces
of soft coke give a higher shatter test than
smaller pieces of a harder coke and thus
indicate a superiority not borne out by use
in the blast furnace. From the standpoint
of production the yields of furnace coke
and breeze require careful attention.
In studying the comparison of results in
Table I, it is noted that experimental oven
runs are compared with average commercial
results over a period of one or more months.
This is due to the inconsistency of coking
results from individual commercial ovens.
It is probable that a commercial oven
coal charge of 17 or more tons is not en-
tirely uniform throughout, in either phys-
ical or chemical properties. The bulk den-
sity of the coal is largely controlled by
moisture and size composition, both of
which may vary within wide limits in
different ovens. The bulk density varies
from one part of the oven to another as a
result of the method of coal charging and
is probably greatest at the bottom of the
oven under the charge holes. The coal blend
also varies slightly in different ovens or
parts of ovens due to mechanical difficulties
in blending coals and to size segregation.
Thus it is difficult, if not impossible, to
obtain a 500-pound sample of coal for the
experimental oven which is an exact dupli-
cate of the coal in any one commercial oven.
Also, the temperature control of any two
ovens in a commercial battery is such that
the rate of heat input in one oven varies
more or less from that of another oven.
Even though the length of the heating
cycle is the same for each oven, two adjacent
ovens in the same battery are not charged
at the same time, and the oven walls cannot
be kept at identical temperatures through-
out the greater part of the coking period.
On account of the variation in coal
charges and heating conditions mentioned
above, it seems evident that the degree of
accuracy which may be obtained in com-
paring experimental oven results with aver-
age commercial results is a function of the
accuracy of experimental sampling and of
the duplication of average operating con-
ditions. Therefore, it is believed that where
proper care is taken in sampling a coal
blend and in evaluating average operating
conditions, the results obtained by coking
this sample in the experimental oven operat-
ing under exact temperature control will
compare closely with the average results
obtained in a commercial oven battery over
an extended period of time. Results ob-
tained from any single commercial oven or
any group of ovens taken over a single day's
operation will not necessarily duplicate the
experimental oven results.
In the four series of comparisons shown
in Table I, data for the runs in the experi-
mental oven (prefix S) were obtained in
our laboratories w^hile data for the runs in
commercial ovens (prefix C) were fur-
nished by the cooperating industrial or-
ganizations. As would be expected, certain
items of data taken in our laboratories are
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Table II.
—
Duplicate Runs on Pilot Oven
< Blend A s
Coke analysis, % No. 113 No. 116
Volatile matter 1.2 1.1
Fixed carbon 90.9 91.3
Ash 7.9 7.6
Sulfur 0.83 0.73
Coke yields, % of dry coal
Total 71.7 72.2
Furnace ( + 1 in.) 68 7 68.7
Nut (1X1/^ in.) 0.9 1.0
Breeze (— 1^ in.) 2.1 2.5
Coke screen test, % of coke
Total +4 in 4.1 1.8
Total +3 in 31.6 29.2
Total +2 in 79.3 78.2
Total + 1 in 95 8 95.2
Av. size, in 2 61 2 . 54
Tumbler test
Stability ( + 1 in.) 55.9 55.4
Hardness ( + 1/^ in.) 69.2 68.9
Shatter test
% of +2 in 64.0 68.2
% of +1H in 88.8 87.8
Apparent gravity . 824 . 825
Gas
Cu. ft./lb. dry coal 6.50 6.42
B.t.u 486 496
B.t.u. in gas/lb. coal 3159 3184
f Blend B •
No. ]L18 No. 119
1.7 1.6
92 1 92.1
6.2 6.3
0.68 0.76
73.3 72.8
69.9 69.4
1.0 1.2
2.4 2.2
2.8 2.8
29.7 25.2
77.1 75.4
95.4 95.3
2.55 2.48
55.0 55.3
67.9 69.6
65.3 64.8
88.9 87.0
0.842 0.838
6.14 6.15
545 541
3346 3327
Table III.—Analyses of Coal Bl:ends Designated in Table I
(As-Received
Volatile
Basis)
Blend Lab. Coke Mois- Matter, Fixed Ash, Total B.t.u. B.S.I.&
No. No. Run No. ture, % % C. % % S. % per Lb. No.
1 C3002 S1&S2 2.6 30.3 60.7 6.4 0.97 14,063 6
2 a CI 3.1 29 6 61 6 5.7 0.79
3 C3078 S12 7.0 25.5 60.0 7.5 0.74 12,899 3
4 C3187 S23 3.8 28 5 62.0 5.7 0.71 13,927 6
5 C3191 S24 2.5 28.4 63.9 5.2 0.64 14,148 6
6 C3263 S34&S35 3 5 28.1 60.3 8 1 0.76 13,388 4
^ Analysis furnished by analytical laboratory of industrial plant.
^ British Swelling Index.
SLOT-TYPE OVEN 17
not available from commercial operation.
Also, certain items are not recorded on the
same basis by our laboratory and the in-
dustrial companies. Thus, furnace coke is
reported as +1^ inch size for the com-
mercial runs in series 3 and 4, but as -]-l
inch in all other cases. Also, breeze is re-
ported as the — Yz inch coke from our
laboratory, —^ inch coke for the commer-
cial runs in series 1 and 2, and —^ inch
coke for series 3 and 4. As the coke from
commercial ovens is subject to rougher
handling than that produced in an experi-
mental oven, it is logical to expect that the
percentage of breeze will be slightly higher
than that obtained from a duplicate run in
the experimental oven.
The principal difference in operation be-
tween runs SI and S2 is in the coking time
and appears in the "penetration" values.
SI was coked in 9 hours. This was con-
sidered too rapid a rate, the heating schedule
was changed, and S2 was coked in 12 hours.
This slower rate gave a penetration within
10% of the commercial rate. The effect
of too rapid a coking rate on sample SI is
shown in the resulting lower values for
shatter and tumbler tests for this run in
comparison with the values for the same
tests for runs S2 and CI.
The coal used in sample S12, series 2,
had an unusually high moisture content,
as shown in Table III. This high moisture
value is reflected in the low bulk density of
the charge, and may be responsible for the
slightly low shatter and tumbler test values
and also for the relatively high percentage
of breeze.
Coal for runs S23 and S24, series 3, was
taken as a single sample representative of
commercial operation j/ielding the average
results shown under C4. One portion of this
sample was used w^ithout air-drying in run
S23. Another portion was partially air-dried
and used in run S24. Analyses of the coal
used in these two runs (Table III) indicate
that they were not entirely uniform. Also,
the heating rate was reduced during run
S24 to give a penetration more nearly com-
parable with plant practice during the
period when data listed under C4 were
collected. The results of this change in op-
eration are evident in the closer agreement
between data of S24 with C4 than was
obtained between S23 and C4.
Even though there is some difference in
size composition of the coals used in runs
S34 and S35 and that shown as an average
commercial value under C5, the results
given under series 4 compare quite closely
throughout.
Table I includes also data on the tar and
gas yields obtained as by-products of the
coking operation. Particularly during the
early operation of the experimental oven,
difficulty was encountered in obtaining
checks on tar yields. This appears to be
due to the inability to keep the tar held in
the recovery system at a constant value. No
appreciable trouble was encountered in
getting checks on the over-all thermal values
of the gas yields from comparable runs
through the experimental oven.
Experience to date with this experimental
oven has demonstrated that when blends of
coals are coked in it under conditions rigidly
controlled to duplicate bulk densities, aver-
age penetrations, and final temperatures of
commercial ovens coking the same blends,
the physical and chemical properties of the
coke produced in the experimental oven will
check closely the averages of the respective
properties of the coke produced in com-
mercial ovens. This is true not only with
Illinois coal blends, but with eastern coal
blends as well. Series 2, Table I, shows
coking results from an Illinois coal blend,
and series 1, 3, and 4 are the results of
blends of all eastern coals. Thus, this ex-
perimental slot-type oven may be used to
predict accurately the physical and chemical
properties of the coke which will result
from the carbonization of any given blend
of coals in a commercial installation.
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